Valve With Bendable Actuating Element 

BACKGROUND OF THE INVENTION 
FIELD OF THE INVENTION 

[OOOl] The invention relates to a valve with a displaceable 

actuating element that controls the movements of at least one 

actual sealing element for opening and/or closing at least one 

sealing contour; and the actuating element is loaded via an elastic 

element essentially perpendicularly relative to the direction of 

deflection; and the longitudinal axis of the actuating element and 

the force applied via the elastic element are aligned in a position of 

the actuating element that is between its two extreme positions. 

THE PRIOR ART 

[0002] In many kinds of valves, the sealing element or an 
actuating element moving this sealing element is preloaded in one 
of the two directions via, for example, elastic elements. This 
preload can, if necessary, also be effected by way of the forces that 
are generated during the deflection of the sealing or actuating 
element. But, most of the time, this also has a disadvantageous 
influence on the switching dynamics of the valve at least in one 
direction, and much operating energy input of the valve is required 
in order to overcome the preload. 

[0003] On the other hand, also known in the art are valve 
constructions in which, due to the geometry of the sealing or 



actuating element— if necessary, with the assistance of at least one 
spring element, the two end positions are stabilized by way of a 
preload, while it is necessary to overcome the force of an elastic 
element for the switching action and, after passing through the first 
section of the total deflection range, the elastic element supports 
the further switching action. DE 197 20 849 Al describes a valve of 
this kind that envisions two actuators for the switching action acting 
upon the support member for the actual sealing element. 

[0004] The object of the invention is to provide a valve with 
a minimal actuating force, i.e., a valve that can be switched 
applying minimal currents, which is characterized by its small 
construction size while still providing very high sealing force 
accompanied by the best possible switching dynamics. 

SUMMARY OF THE INVENTION 

[0005] To achieve this object according to the invention the 
actuating element is realized as an unilaterally mounted 
piezoelectric bending transducer, and the sealing element is realized 
as a toggle that can be rotated around an axis which is arranged 
perpendicularly relative to the direction of the deflection of the 
actuating element. These bending transducers, which by and of 
themselves have been known in the art, supply, due to a very high 
force density accompanied by minimal triggering power and good 
switching dynamics, all the prerequisites for a large lift in the 



presence of minimal dimensions. In conjunction with providing 
support for holding the toggle in a switching position in which the 
bending transducer is at rest, it is possible to ensure a secure 
holding and sealing effect in this position without compromising the 
switching process or essentially increasing the necessary energy for 
effecting this process, and minimal displacements of the bending 
transducer cannot compromise the sealing effect, as, for example, 
in constructions with actuating elements that act directly upon on 
the valve seat. Even the placement of the actual sealing surface 
does not change the distance between the actuating element and 
the toggle in the direction of actuation, which is why the zero- 
position is preserved. Moreover, the geometric conditions can be 
utilized to adjust sealing force, deflection range of the sealing 
element etc. to any requirements in practical applications. 

[0006] According to an advantageous embodiment of the 
invention the axis of the toggle is essentially congruent with one 
sealing edge that constitutes part of at least one sealing contour. 
This axial placement of the toggle prevents any deflection of the 
toggle relative to the sealing contour; moreover, it allows for 
placement of the sealing material without compromising the sealing 
effect. 



[0007] According to another characteristic of the invention, 
the sealing edge is comprised of a central section shared by two 
sealing contours. 

[0008] Advantageously, it is envisioned that the sealing 
edge is available as a line of intersection of two essentially plane 
sealing contours, and the sealing planes that contain the sealing 
contours jointly enclose an obtuse angle. The way it is positioned, 
the sealing surface is able to exactly adapt itself to the respective 
sealing contour without compromising the respectively other sealing 
contour, which means that only the most minimal leakage values 
can be obtained. 

[0009] Preferably, it is envisioned that the toggle and the 
bending transducer each feature a connecting location for the 
elastic element and that this element is mounted between toggle 
and bending transducer. 

[0010] According to another advantageous embodiment of 
the invention, the point of action of the bending transducer on the 
toggle is arranged outside of the plane(s) of the sealing contour. 
This way, it is possible to bring forth the force that can be exercised 
by the bending transducer in the most favorable manner. 

[0011] According to another variant, it is also possible for 
the point of action of the elastic element on the toggle to be 



arranged outside of the plane that is defined by the point of action 
of the bending transducer on the toggle and the sealing edge. 

[0012] Another variant according to the invention 
advantageously envisions that at least two points of action, 
arranged at a distance relative to each other in the longitudinal 
direction of the bending transducer, are envisioned on the toggle for 
the bending transducer. In this way, it is possible to achieve a 
folding valve characteristic. 

[0013] The best possible sealing effect in at least one 
switching position of the valve according to the invention can be 
achieved when the toggle is preloaded on one sealing contour via 
the elastic element and that it can be lifted off from out of its 
resting position on the sealing contour by way of the deflection of 
the bending transducer. 

[0014] Another embodied example according to the 
invention envisions that the toggle is preloaded on one sealing 
contour via the elastic element and that it can be lifted off from out 
of its resting position on the sealing contour by way of deflection of 
the bending transducer and that it rests against the second sealing 
contour, while exercising a sealing action, in the deflected extreme 
position of the bending transducer. 



[0015] Advantageously, the toggle features a depression 
that engages one end of the bending transducer in order to achieve, 
correspondingly, optimal utilization of the restoring force of the 
bending transducer for the switching action of the valve. 

[0016] The invention will be illustrated in more detail in the 
subsequent description utilizing the embodiments set forth in the 
enclosed drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0017] Fig. 1 represents a schematic depiction of a cross- 
section of an embodied example of the valve according to the 
invention as a 3/2-way model; 

[0018] Fig. 2 shows a top view of the sealing contours of the 
valve in Fig. 1. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT 

[0019] A piezoelectric bending transducer 1 is held in place 
on one of its ends at a mounting location inside the housing 2 of the 
valve or in a structure that is connected to the housing of the valve. 
In the resting position shown in Fig. 1, in which no voltage is 
applied, a minimal play exists between the bending transducer 1 
and the toggle 3 as the actual sealing element, which is why small 
changes with regard to the position of the bending transducer 1 in 



axial direction but also in the direction of deflection cannot 
adversely impact the sealing effect. 

[0020] The toggle 3 is resting on the sealing edge 4, and 
the sealing edge is almost congruent with the axis of rotation of the 
toggle. An elastic element, preferably a coil spring 5 that responds 
to pressure, pushes the toggle 3 against a first sealing contour 6; 
and the actual sealing surface 3a is able to adjust itself exactly to 
the sealing contour 6. This coil spring 5 is mounted between the 
bending transducer 1 and the toggle 3; preferably, the coil spring is 
attached to both components with the ability to move and its action 
extends in a parallel direction relative to the longitudinal axis of the 
bending transducer 1. 

[0021] The sealing effect is achieved in this switching 
position by way of the mechanical properties of the bending 
transducer 1 in the longitudinal direction and due to the effect of 
the spring coil 5, with the latter being arranged as aligned with the 
bending transducer 1 or only enclosing an obtuse angle of 
approximately 180° with it, i.e., its action extends perpendicularly 
relative to the direction of deflection of the bending transducer 1. 

[0022] By providing, for example, two points of action of the 
bending transducer 1 on the toggle 3, which are arranged at a 
distance of each other in the longitudinal direction of the bending 
transducer 1, it is possible to generate a folding valve characteristic 



based on the resulting change of the point of action of the bending 
transducer 1 and, therefore, the lever conditions on the toggle 3. 
This means, consequently, in relation to the deflection of the 
actuating element, with the same deflection lift of the bending 
transducer 1 taking place, the toggle 3 first performs a minimal 
movement when the bending transducer 1 contacts the point of 
action on the toggle 3 that is at a larger distance relative to the 
sealing edge 4, and it performs a large movement when the contact 
occurs on the second point of action that is arranged in closer 
proximity to the sealing edge 4. This way, it is possible to realize a 
better adjustment to a total system with non-linear characteristics, 
and a better definition is achieved with the same triggering area. 

[0023] When a voltage is applied, the bending transducer in 
Fig. 1 is deflected to the right. While performing this movement, the 
bending transducer works against the coil spring 5 and finally 
assumes a deflected extreme position in which the toggle 3 and its 
actual sealing surface 3a are pressed against the second sealing 
contour 7 while the first sealing contour 6 is released. When the 
voltage is turned off, thanks to its elasticity, the bending transducer 
1 returns to its resting position, and this reset movement is further 
supported by the effect of the coil spring 5. At the end of the reset 
movement, preferably, the bending transducer 1 is once again lifted 
off the toggle 3, and the coil spring 5, that is loaded between the 
bending transducer 1 and the toggle 3, presses the toggle 3 once 
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again against the first sealing contour 6 while the second sealing 
contour 7 is released once again. 

[0024] As can be seen in Fig. 1, the two sealing contours 6, 
7 are realized, respectively, as plane; and the sealing planes 
containing the sealing contours 6, 7 preferably enclose jointly an 
obtuse angle. This way, it is possible to easily realize the side of 
the toggle 3 and its sealing surface 3a that are directed toward the 
sealing contours 6, 7 in a plane manner. In principle, a joint plane 
for both sealing contours 6, 7 and, correspondingly, a dull tapered 
realization of the bottom side of the toggle 3 and/or of its sealing 
surface 3a is also conceivable. In both cases, the sealing surface 3a 
is able to adjust itself to the respective sealing contour 6 or 7, 
while, in both switching positions of the valve, it is not being 
influenced by the respectively other sealing contour. 

[0025] The friction of the mounting of the toggle 3 is 
reduced, for the most part, due to the way the sealing edge 4 is 
realized; and the friction at the points of action of the elastic 
element 5, which can also be realized as a sheet metal part, on the 
toggle 3 or the bending transducer 1 can be reduced if these 
mountings or points of action are embodied as cutting edges. 

[0026] While the valve that is shown in these variants is a 
3/2-way valve, it is also possible to close off one of the two sealing 
contours 6, 7, or omit it completely, in order to realize a simplified 
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embodied example containing only one controllable sealing contour, 
thereby realizing a 2/2-way valve. 
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